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Abstract 


A uniform geometrical theory of diffraction (UTD) ray analysis is presented 
for analyzing the problem of electromagnetic (EM) scattering by vertices 
at the tip of a pyramid formed by curved surfaces with curvilinear edges 
when illuminated by an arbitrarily polarized astigmatic wavefront. The 
UTD vertex diffraction coefficient involves various geometrical parameters 
such as the local radii of curvature of the faces of the pyramid, of its 
edges, and of the incident ray wavefront, and it is able to compensate for 
those discontinuities of the field predicted by the UTD for edges (i.e., 
geometrical optics (GO) combined with the UTD edge diffracted rays) 
occurring when an edge diffraction point lies at the tip or vertex. This 
provides an effective engineering tool able to describe the field scattered 
by truncated edges in curved surfaces within a UTD framework, as 
required in modern ray-based codes. Some numerical examples highlight 
the accuracy and the effectiveness of the proposed UTD ray solution for 
vertex diffraction. 


Index terms: Asymptotic diffraction theory, diffraction, geometrical 
theory of diffraction, uniform theory of diffraction. 
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Motivations 


Geometrical Optics 
Ray Theories 4 Geometrical Theory of Diffraction 
Uniform Asymptotic Rays Theories 


They provide an efficient analytical method in order to characterize the EM 
high frequency scattering in complex environments 


| 


e Antennas Performances on Complex Platforms 

e Urban Propagation 

e Indoor Wireless Network Channels 

e Multiple Input Multiple Output (MIMO) Communication Channels 


e Wave Field Imaging 
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To improve the accuracy of the EM field prediction, especially in low field level 
regions, one needs high order contributions —» Vertex Contributions 
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Vertex Diffracted Field Behavior: Transition Regions and 
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Vertex Diffracted Field Behavior: Transition Regions and 
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Vertex Diffracted Field Behavior: Transition Regions and 
Shadow Boundaries — Vertex Double Transition 
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Vertex Diffracted Field Behavior: Transition Regions and 
Shadow Boundaries — Vertex Double Transition 
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Vertex Diffracted Field Behavior: Transition Regions, Shadow 
Boundary Cones (SBCs), and Shadow Boundary Planes (SBPs) 
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First and Typically Used UTD Vertex Solution 
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Problems with the First UTD Solutions 
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When the vertex diffracted ray coincides with the 
reflected/incident GO field 


4,4, Bo.» B. are mutually independent 


* The argument of the transition function may take any value 
between O and c and, accordingly, the transition function 
may take any value between 0 and 1, depending on the way 


the diffracted ray approaches the direction of reflection 
(incidence). 


* As a result, the calculated vertex diffracted field is non- 
unique for these directions and its behavior in the adjacent 
transition regions is far from being the true physical behavior. 


A. Michaeli, “Comments on first-order equivalent current and corner diffraction scattering from flat plate structures,” JEEE 
Trans. Antennas Propag., vol. 32, no. 9, pp. 1011-1012, Sept. 1984. 
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Improved UTD Straight Wedge Based Solution 


for Spherical Wavefront Illumination 
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Improved UTD Straight Wedge Based Solution 
for Spherical Wavefront Illumination 
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UTD Curved Wedge Based Solution 
for Astigmatic Wavefront Illumination 
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We heuristically modify the UTD vertex diffraction coefficient for straight edges by introducing 
proper distance parameters, L,, (Lim  ,,u,, ., , Which take into account for the curvatures of 
the edges and the surfaces that form the vertex, as well as of the radii of curvature of the 
incident astigmatic wavefront. 


These new distance parameters were derived by imposing the continuity of the total field at the 
vertex shadow boundary transition regions. 
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UTD Curved Wedge Based Solution 
for Astigmatic Wavefront Illumination 
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They guarantee the 
continuity of the field in 
the single transition 
region ( b, — 0 ) 


and in the double 
transition region 
( 5,,a,, —0) 
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UTD Curved Wedge Based Solution 
for Astigmatic Wavefront Illumination 
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Example 1: Truncated Cylinder with a Tschirnhausen 
Cubic Curve Profile (Vertex Single Transition) 
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Example 1: Truncated Cylinder with a Tschirnhausen 
Cubic Curve Profile (Vertex Single Transition) 
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Example 2: Pyramid Formed by a Truncated 
Spherical Sector (Vertex Double Transition) 


P' 2 (3cos(z/ 6),3sin(z / 6,2)A C 2(0,0,—7.5)A a=7.5A 
P=(cos(77 /6),sin(77 /6),0) z>-7.5A, y>0, y<tan(0)x, Q=60° 
r=2.5A 9e(-180º,100º) | 9-30? 


Wedge dihedral angles of 60° and 90° 


PO currents amplitude shading 


| (dBV/m) 
a 


scat 


IE 
tA 


0 ` É — -—UTD without vertex | 
do —— UTD with vertex | 


ba IE. — - - MoM h 2 0.0X 
-10 Eds : erra d 
— + +MoM h=0.2A 
As 


-180 -150 -120 -90 -60 -30 0 30 60 80 100 
© (degrees) 





The use of this work is restricted solely for academic purposes. The authors of this work own the copyright and no reproduction in any form is permitted without written permission by the authors. 





Example 2: Pyramid Formed by a Truncated 
Spherical Sector (Vertex Double Transition) 


P' 2 (3cos(z/ 6),3sin(z / 6,2)A C 2(0,0,—7.5)A a=7.5A 
p =(cos(7z/ 6), sin(7z / 6),0) z>-7.5A, y=0, y<tan(Q)x, Q=60° 
r=2.54  Ge(-180°,100°) | g-30* Wedge dihedral angles of 60° and 90° 
! : Vertex Double Transitions 
PO currents amplitude shading 
"ai M 40 
35 
30K 
25 dak Re 
E 20 
a 15 
= 10 
EB s wf a inae -—- 
0 LE — — UTD without vertex | 


—— UTD with vertex 
a \ “ |=--MoMh=0,0A 
-10 ee Es 
— «. MoM hz 02A. 
15 


“go -150 -Mo -90 -60% -30 0 30 60 80 100 
© (degrees) 





The use of this work is restricted solely for academic purposes. The authors of this work own the copyright and no reproduction in any form is permitted without written permission by the authors. 





Example 3: Pyramid Formed by Four Truncated 
Parabolic Sectors: (Vertex Single Transition) 
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Example 3: Pyramid Formed by Four Truncated 
Parabolic Sectors: (Vertex Single Transition) 
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Concluding Remarks 


e A UTD vertex diffraction coefficient has been presented. 


e It describes the field diffracted by a vertex formed by truncated curved edges in otherwise 
truncated curved surfaces, when it is illuminated by a ray field with an arbitrarily astigmatic 
wavefront. 


e It was derived from the relevant UTD diffraction coefficient for vertices formed by truncated 
straight edges in truncated flat surfaces, when they are illuminated by a ray field with a spherical 
wavefront, by imposing the continuity of the total field at the different SBs. 


e The presented UTD vertex diffraction coefficient allows the uniform description of the total field 
at different SBs induced by the truncations of the wedges forming the tip of the curved pyramid, 
thus compensating for the discontinuities at the SBs of the UTD wedge diffraction coefficient. 


e Of course, as in the case of the UTD wedge diffraction coefficient, it does not take into account 
for slope diffraction effects and surface induced SBs effects (grazing illumination/observation), 
where creeping and edge-excited creeping wave rays has to be considered. 
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